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COMBAT SOUND DETECTION: I. MONAURAL LISTENING IN QUIETa

INTRODUCTION

The current emphasis of the psychoacoustics program at the Human Engineering Laboratory
is on the hearing-performance requirements of soldiers, and the effect of hearing loss on soldiers'
performance. Concisely, we want to find out what you have to be able to hear to perform
satisfactorily in t~e Army, and how hearing losses affect this performance.

BACKGROUND CONSIDERATIONS

This program has evolved from a variety of considerations. First, no detailed catalog of
hearing-performance requirements exists. Second, noise-induced hearing loss is a very significant
Army problem; in fact, noise has been called the Army's number-one occupational hazard.
Walden's data (8) indicate that it takes only a very few years of Army service for a significant
degree of hearing loss to become evident in the infantry, armor and artillery branches. Another
consideration is the obvious fact that aural communication is an important aspect of the soldier's
activity in combat; anything that degrades his ability to hear is likely to degrade his performance.
By "communication" we refer not only to the reception of speech but, and perhaps more
important, the reception of sounds that betray the presence of the enemy. Particularly under
conditions of limited visibility, whether imposed by terrain, vegetation, or darkness, the sense of
hearing is vital to the soldier in informing him of the enemy's presence and activities (6). A
fourth factor that led to the development of this program is the difficulty of predicting the
effects of hearing loss (temporary or permanent) on soldiers' performance. Even for speech
reception, which has been researched for over 40 years, consensus has not been completely
reached as to how much hearing loss constitutes impairment of speech reception, particularly
under real-world listening conditions. For other aspects of communication, such as the detection
and identification of combat sounds, predictions have been impossible up to this time. A related
consideration is that past noise-effects research has provided a body of data from which hearing
loss can be predicted, given a knowledge of the noise-exposure parameters. However, It is not
feasible at this time to translate these predictions into reliable estimates of decrement in
-omhat-skill performance.

Our preliminary assessment of soldiers' tasks in combat (5) revealed that of the three
primary soldier skills- "move, shoot, communicate"-- communication was the most likely to be
affected by hearing loss. Within the area of communication, the primary problem appeared to be
the detection and Identification of enemy personnel sounds. Katzell et al. (6), in a survey of
combat recognition requirements, showed that enemy personnel are the most important target
for all types of military units In the field. The decision to embark on studies of the detection and
identification of personnel sounds was further influenced by our spectrum analysis of a U.S.
Navy training-aid tape recording. That analysis indicated that many of the personnel sounds had
maximum energy in the 4-8 kHz region where, as is well known, noise-induced hearing loss is

aAn abbreviated version of this paper was presented at the U.S. Army Science Conference, United

States Military Academy, West Point, New York, June 1976.
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often first observed. This suggested that hearing loss might pose a significant problem for the
soldier who is attempting to detect the enemy's presence by the sounds of his movement.

BRIEF OF PHASE I OF THE PROGRAM

Two aspects of combat sounds are of concern: detection and identification. Detecting a
complex transient sound implies that the listener hears something (in addition to the background
noise), while identification means that the listener not only detects the sound but also associates
a specific meaning with it, as determined from the sound's peculiar characteristics. In
identification, the listener may be able to recognize the source of the sound, to associate it with
friendly or unfriendly forces, etc. Thus, as a sound too faint to be heard is raised in intensity
(e.g., when the source moves closer to the listener or vice versa), we expect detection to occur
first and then, after a further increase in intensity, identification should become possible. In a
combat listening situation, detection alerts the soldier that "something is out there." Identifying
the sound's source, location, etc., enables the listener to take appropriate action.

Experiments on sound detection and sound identification require different approaches.
Detection may be studied using techniques an.:;ogous to conventional audiometric threshold
testing. In contrast, sound identification requires, among other things, that the listener be able to
name the sound; thus he must be intimately familiar with all the test sounds. Since detection is
therefore the simpler type of behavior, at least from a methodological standpoint, it was decided
at the outset that the program would first emphasize the sound-detection aspect, and studies of
sound Identification would be deferred until after the detection phenomenon was better
uiderstood.

Another choice made in structuring a systematic approach to this program was that we
should start with the simplest listening condition and proceed to more complex conditions. This
paper reports on the initial tests conducted with monaural listening in quiet. We recognize this
listening condition is not typical of the real world; however, it was felt that an understanding of
this simple level should be gained before introducing other variables, such as binaural listening
and listening in noise. Both of these types of conditions will be the subject of future
experimentation.

In addition to comparing hearing levels measured by conventional audiometry with
detection thresholds for transient, combat-relevant sounds, one of the primary goals of this first
series of tests was to develop a model (hopefully predictive) of the detection of transient sounds
by the ear, based on known functional characteristics of the auditory system. This aim was
accomplished, and the report describes the development of a model which considers both the
car's analysis of frequency by critical bandwidths, and its integration of energy for periods up to
200 msec. This model, embodied in a computer program for analyzing complex, transient sounds,
was found to predict relative detectability quite well, given a knowledge of the ear's swnsitlvity at
the certer frequencies of the critical bands.

METHOD

Selection of the Test Sounds

The choice of sounds used as stimuli in these experiments was dictated by both practical
and theoretical considerations. As mentioned earlier, a general class of sounds thought to be of
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very great practical significance was that associated with the presence of enemy personnel:
sounds related to personnel movement, camp activity, personal combat equipment, etc. These are
sounds that a sentry, listening post, or reconnaissance patrol would have to be able to detect to
accomplish their missions (5). Failing to detect such sounds in combat could have life-and-death
significance. Prior to this experiment, however, sounds of this type had never been measured in a
way that permitted their detectability to be analyzed. Therefore it was necessary to record and
analyze a set of sounds for use.

From the sounds that were recorded, 24 were selected for use in the test. They were:
footfalls on leaves, sand, gravel, coarse gravel, in a puddle, on twigs, and on dry grass; trimming
branches with a machete; chopping with a machete; movement through a sapling thicket and
through a raspberry thicket (two sounds); an M16 magazine being inserted; an AK47 magazine
being inserted under anechoic and reverberant conditions; an M16 being cocked; a 1906
Springfield rifle bolt being operated; a C-ration pack being opened; urination on the ground; the
safety being released on an M16 and on an AK47; the entrenching tool being used as a hoe and as
a shovel in gravel; and walking in high grass.

Recording the Test Sounds

Test sounds were recorded at Aberdeen Proving Ground, Maryland, during October and
November 1975. The sounds were recorded at a tape speed of 15 IPS on a Na.gra Model IV-S tape
recorder, using a Sennheiser Model MKH105 condenser microphone. ?ine exac' procedure varied
somewhat with the circumstances; however, the general practice was to repeat each sequence
several times with the microphone pointed at the source of the sound and about one meter from
it (somewhat farther when the recordings were done in either the incchoic chamber or th'e
reverberant room). In order to insure both an undistorted recording and a wide dynamic range,
recording levels were set so that the peak levels in the sound segment just fell shc t of the level
that would saturate the tape. The combined recording system was essentially linear from 20 to
15,000 Hz. While a complete discussion of outdoor sound-recording techniques is beyond the
scope of th;s report, it should be noted that nearly all of the test-sound segments recorded in
June 1975 were contaminated by bob-white quail calls and were therefore unusable.

The experimental design called for presenting sounds approximately once per second during
a period of threshold tracking. To obtain 1 -second samples, the master tapes were analyzed, and
the 1-second period with the most intense sound on it was removed and made into a loop. (Theminimumn usable loop size was 16 inches, which gave an actual repetition period of" 1.07 seconds.)

The sounds usually had short durations, with peak-intensity periods considerably stiirter than c
second; thus it was pos-ible to make the necessary cuts and splices in the quiet intervais, so thatthe splicing itself did not introduce detectable transients. The loops were then played back and
re-recorded on a Sony TC-366.4 tape deck for 1 minute at 7.5 IPS. This 1-minute tape was
used for tie listening tests.

Analyzing the Sounds

In developing the detectiot) model, two basic protnerties of the ear were taken into account:
the ear's variation in sensitivity as a function of frequency, and its ability to integrate energy for
a period of up to 200 msec.



The ear's variation in sensitivity as a function of frequency was dealt with by first analyzing
each test sound's frequency content; a Fourier analysis was performed to determine the spectral
distribution of the energy. In performing this analysis, a number of practical comfpromises had to
be made. First, the length of the sound segment analyzed determined the lowest frequerxy that
could be represented accurately in the analysis. The rule of thumb is that the time window
transformed has to be long enough to have at least five cycles of the lowest frequency of interest;
this would argue for a relatively long window. However, we were also interested in lcoking a+ the

fine structure of the sounds; this required the shortest possible window. The compromise arrived
at was a 20-msec window, which set the low-frequency limit at 250 Hz. The digitizer's sampling
frequency was 50 kHz, which meant that the highest frequency represented was 25 kHz.
However, for a variety of reasons, the actual analysis used only frequencies below 12 kHz.

The output of the frequency-analysis program was the power in a fixed bandwidth (48.83

Hz) across the range of frequencies analyzed. The ear, however, does not respond as a fixed,
bandwidth filter; rather, it appears to analyze sound as though it consisted of a series of 24
"critical bands" spanning the frequency range from 50 to 13,500 Hz. The total energy required
for a sound to be heard remains constant so long as the energy is confined to a single critical band
(4). The center frequencies, and upper and lower cutoff frequencies, of these critical binds have
been empirically established for the normal ear (7). Therefore a computer program was written in
BASIC to assemble the power into critical bands, and convert them into a pressure spectrum.

The model also took account of a second property of the auditory system: its ability to
integrate energy for a period of up to '.00 msec (3, 9). This means that if a 20-msec sound were
just detectable, then 200 msec of the same sound would b- detectable at a Ievel 10 dd less
intense. To account for this property of the auditory system, a Fourier an-ysis was performed
for each successive 20 msec of the sound, Typically, the sounds analyzed were short: the
durations of appreciable energy ranged from less than 200 msec to about I second. The Fourier
analyses began during a quiet period and continued to the next quiet period. Following the
frequency analyses of each 20-msec segment, the computer program integrated thle energy
present in each critical band for 10 analyses (200 msec). Then another inrtration was
performed, displaced from the first by 20 msec. This process was repeated until all the 20-mnsec
periods had been included. Finally, for each critic i, band, dIie 200mnsec period with the greatest
energy was selected as the one most likely to he d•Aected. These valuos (critical bands and
energy) were- printed out for use in predicting delvctabillty.

The foregoing analysis was carried out with the equipment diagrammed in Figure 1, Several
repetitions of each sound of interest were recorded from the matter-tal, lotop onto Line channel
of the Sony tpe recorder, and trigger pulses were recorded on a second channel. A clock within
the NIC-80 analyzer provlded delays of up to 512 onse oim- owsec increments, -ich a.llowl
successive 20-nucc segments of the sond to be analyzed. For longer delays, thie aped trigger
pulse triggered the oscilloscope, which in turn pro,*4ded a delayed trigger pulse. In this fashion,
signals of any length could be analyied. The succeswve power spectra were storcd on the disk, so
they could be retrieved during la~o-r analysis. Pressure-vs..time hiistoris were written out on Ith
X-Y plotter to assist in determining the exact beginning and end of the anal-.- is erod.

Measuring the Ears' Sensitivity

Application of the detlection model required knowing the individual differences in the
sensitivity of real cars, in addition to the analysoes of the sounds' spectra and temporal
distributions of energy. Pure-tone thresholds were measured for each ear of 10 subjects (nine men
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and one woman), using the same listening conditions that were used in the test for detecting thecomplex sounds. The equipment used for this purpose is diagrammed in Figure 2. Pure-tone
stimuli were shaped into pulses with a 5-msec rise and fall time, and peak durations of either 17or 197 msec. Based on the adjustment for rise.fall time established by Dallos and Olsen (1), theequivalent durations were 20 and 200 msec. The off periods were 980 and 800 msec.
respectively, which resulted in a repetition period of 1 second.

The Seonheiser earphone used to transduce the signals was of the type that sets on a foampad on the outside of the pinna. To prevent direct radiation of sound to the opposite ear, a
circumaural ear muff was fitted to the earphone headband so the opposite ear was alwayscovered. The shaper adjusted the earphone's acoustic output so it was flat (t 1dB) from 100 to15,000 Hz. The equipment used in establishing this compensation is diagrammed in Figure 3. Inessence, a pink-nolse signal was fed into the shaper and then into the earphone, which waý inplace on an artificial ear. Th,, output of the artificial ear was connected to a 1/3-octave real-time
spectrum analyzer, and the shaper was adjusted to produce a flat spectrum.

The subjects were s.a..d inside a double-walled acoustic test chamber and tracked theirthresholds by activating a hand switch which controlled a recording attenuator operating at anattenuation rate of 4 dB/sec. Because of the amount of threshold tracking required of thesubjects, frequent rest periods were given, and testing was broken up into separate sessions, oftenon different days. If the subject had any difficulty in tracking any sound, it was repeated until areliable measure had been obtained. The combat sounds were presented in an ordercounterbalanc( . across all subjects. Tones for threshold tracking were presented for 30 sec ateach of 22 cruical-band center frequencies from 150 to 13,500 Hz (7). Thresholds weredetermined for both 20 -msec and 200-msec on-times, 'n each ear of the 10 subjects, in theinterest of determining how much temporal integration might be present. The subjects had been
selected from among Laboratory personnel so as to have a wide range of hearing levels. Their agesranged from 20 to 59 years, and none were known to be suffering from any otological problem atthe time of the test (other than some high hearing levels). Their audiograms are attached in the
Appendix.

From these threshold data, and the spectrum analyses of the sounds, it was possible topredict the relative detectability of the various complex sounds. The spectrum was plotted onone piece of graph paper, and the threshold curve on another. The two were overlaid on a lighttable, and the threshold curve was adjusted until the spectrum rose above the curve in one critical
band. This point is illustrated in Figure 4. In this case, the spectrum for a footfall on leaves firstmet the threshold of audibility in band 13 (1850 Hz center frequency). The number assigned tothis detection level for use in data analysis was established by an arbitrary procedure. A standardlevel was marked on the graphs of all spectra, and the position of this line was read with respectto the ordinate of the threshold cu-ve. This number was recorded as the predicted detection level,By following this procedure, a prediction of relative detectability was obtained for each sound
-and each of the 20 ears.

In order to measure the detectability of the combat sounds, the oscillator was replaced bythe tape deck and amplifiers diagrammed in Figure 2. Each subject could then track his thresholdfor ti,e cowmplex sounds. This threshold tracking continued for I minute for each sound in each
ear. ihc thrvsholds .hus determined were compared with the predicted detection levelsestbluished in the previouis step,, Because the predicted detection level had been determined by
comparison with an abitrary level, the product-moment correlation coefficient was used to
measure the relationship between actual and predicted detection levels.

8
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RESULTS AND DiSCLSSION

Spectra of the Test Sounds

The spectra of the test sounds are presented in Figures 5 through 15. The upper spectrum
for each sound represents the maximum pressure present in each band when integrated for 200
msec. The lower spectrum Is the maximum pressure present during any 20-msec period. As would
be expected, the sounds with a more nearly continuous character, such as a footfall in grass
(Figure .5), show the greatest separation between spectra. The maximum separation observed with
the sounds tested was about 8 dB; 10 dB would, of course, have been the theoretical maximum.
For sounds that have a more transient, or click-like, character, such as inserting the M 16 magazine
(Figure 6), the separation between the two lines Is very slight. Most of the energy in these sounds
art ived in a very short time, and integration did not increase the level very much.

The spectral shapes are also interesting. Some sounds, such as a footfall in gravel (Figure 7),
show maximum energy in the low-frequency region. Others, such as the sound made when
trimming with a machete (Figure 8) or a footfall in grass (Figure 5), have much more even energy
distribution across the spectrum. Still others, such as a footfall on leaves (Figure 5) or the
Springfield rifle bolt (Figure 8), have most of their energy in the high-frequency region. To round
out the range of possibilities, some sounds, such as inserting the AK47 magazine (Figure 9), had
most of their energy concentrated in the middle-frequency region. Insofar as these sounds
represent those that soldiers need to detect in the field, it would appear that good hearing
sensitivity in all frequency regions would be advantageous. Another point that might be noted
about spectral shapes is that, even for the most peaked distributions, the difference between
regions of maximum and minimum energy was only about 20 dB3. This implies that hearing loss in
the form of a notch (narrow frequency region) would not Impair detectability greatly, even for
those sounds with peaked energy distributions. As soon as the intensity of the sound increased
slightly, the remaining hearing sensitivity would detect some portion of the sound's energy.

Prediction of Detection

The correlation coefficients for the predicted and actual detection levels ranged from .89 to
.98, with a mean for the 24 sounds of .94. Thus about 88.4 percent of the variance was
accounted for. The standard error of estimate (deviation from the regression line) ranged from
3.0 to 5.1 dB, and averaged only 4.1 dB. This Is quite small wIen one considers that the standard
deviation for test-retest audiometric data Is normally on the order of 5 dB. It can be concluded
that the model predicts monaural detectability In quiet exceedingly well, and that additional
refinement could add almost nothing to Its predictive capacity.

Applications to Operational Situations

The logical questions that arise at this point are how we might expect normal and Impaired
ears to differ In their ability to detect sounds, and how much hearing loss affects performance in
operational situations. We hasten to interject at this point that the final answer to these questions
is still in the future; however, the present data, when coupled with what Is now known about the
hearing of soldiers in the combat arms, and the environments In which they might function, do
result In some Interesting conclusions.
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We are fortunate in having some excellent data on the hearing levels of soldiers In thecombat arms: armor, infantry and artillery (8). In -this cross-sectional survey, hearing levels of
3000 soldiers were measured following varying periods of service, and the average hearing levels
following varying periods of service were derived. Some of these data, converted to absolute
sound-pressure level, are presented In the upper three curves of Figure 16. The upper curve (worst

2 hearing) is that of the average man with 17.5 to 22.4 years of service; the center curve represents
the weighted average for all ears in these combat arms; and the lower curve represents the average
for the youngest ears (1.5 - 2.4 years of service). The bottom curve in Figure 16 is the standard
curve for audiometric zero, i.e., the hearing sensitivity expected of a young, normal ear.

These four curves were then used with the test-sound spectra to derive predictions about
detection. The young, normal ear would have detected sounds much more readily than the oldest
Army ears-on the average, at intensities about 16 dB lower (range: 12 - 24 dB). The differences
were, of course, smaller for the younger ears where the hearing losses were less severe. Given the
relatively large hearing losses at the higher frequencies in older ears, larger differences in
detection might have been expected. The reason they were not larger is that most of the
detections were made on the basis of sound energy in the 1000-Hz frequency region, where the
ears did not differ much in sensitivity. Stated another way, even the sound spectra with the most
high-frequency energy had too little of it for the ears with relatively good high-frequency
sensitivity to detect those frequencies before the energy at the lower frequencies crossed the
threshold. For two reasons, which will be discussed in the next sections, it would be premature to
-draw any conclusions from these data about how hearing loss affects performance.

These differences in detection could have considerable practical significance, except for one
thing that was revealed by subsequent analysis. Namely, these detections were measured under
very quiet listening conditions inside a specially designed acoustic test chamber. If a war were
ever fought in such a chamber, the data would apply with only minor qualifications. However,
the real world, even at its quietest, has considerable noise present. If a sound is to be detected,
then the energy present must not only exceed the absolute sensitivity of the auditory system, but
it must also exceed the ambient noise level, or else it will be masked by the noise. Examples of
typical outdoor ambient-background-noise spectra are presented in Figure 17 (2). For frequencies
in the mid-range and below, the jungle is quietest, so long as there are no insect or animal sounds.
If insect sounds are present, there is a dramatic increase in the amount of high-frequency energy,
so that thy spectral curve rises at about 9 dB/octave between 700 Hz and 10 kHz. The
background-noise spectrum for rural France (late in the evening without machinery sounds) is
almost the reverse of the previous curve, showing a spectrum that declines with increasing
frequency.

To estimate the effect of these background noises on detection, the curves in Figure 16
(representing the hearing of typical Army ea.rs, as well as young, normal ears) were combined
with the background noises; predictions of detectability were then redeternined for the set of 24
sounds used in these experiments. From these data, it is apparent that the background noise
exerts an overwhelming effect on detection, and that the differences between ears are
consequently much smaller than when testing was done in the quiet. In the case of jungle noise
with insects and animals present, the predicted differences between the best and worst ears
averaged only 0.3 dB! In this case, almost all of the predicted detections occurred because of
energy in the low-frequency region, where the ears were not very different in their sensitivities.
The low-frequenc/ masking noise also acted to equalize them by negating the superior sensitivity
of the best ears.
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The differences were not much greater for the jungle without insect noises; the predicted
difference between the youngest and oldest Army ears was only 2.7 dB. In the spectrum present
;n rural France, however, the low-frequency content of the background noise was high enough
that the detections tended to depend on higher-frequency energy. In this case, the ears that had
retained better high-frequency sensitivity were somewhat better able to detect. The young,
normal ear did better than the old Army ear by 7.8 dB on the average, and the youngest
combat-arm ear did about 3.9 dB better than the oldest combat-arm ear.

These differences, while not negligible, are nonetheless rather small and, taken alone, would
not seem to justify much concern for preserving hearing in our combat troops. In our opinion,
however, this would be both a premature and an exceedingly dangerous conclusion to draw from
these data. The specific performance these experiments tested was the ability to detect the
presence of some sound e..ceeding background and/or physiological noise levels. At the outset,
this type of performance was defined as detection, and differentiated from identification. Only as
the intensity of a sound increases 20 dB or more beyond the detection level does the sound
assume a quality where it sounds like something. In assessing performance in the field, it is this
second level of analysis, identification, that is most important. At the moment, however, it is no+
possible to say just how much the intensity of sounds of the type we are concerned with must be
increased above detection levels before identification can occur. Some preliminary data also
suggest that this amount may be very different for normal ear- and ears that have lost some
sensitivity. Indeed, the most common complaint of an individual suffering from a hearing loss is
not that he hears nothing, but that he cannot make sense out of what he does hear. The loss that
an ear suffers appears, at a practical level, to be not so much one of sensitivity as one of
analytical capability. This is clearly an Important issue that needs to be settled before any
conclusion is drawn about hearing sensitivity and performance in the field.

There are also a number of additional points that subsequent research should focus on, in
coming to grips with the importance of auditory input in operational situations. Signal-detection
theory, for example, suggests that a number of variables enter into the detection and
identification process. Among them are the statistical distributions of both physiological noise
and background noises. We do not know what these distributions are for the types of sounds
encountered in the field, Furthermore, the consequences of detecting a sound are also known to
Influence the likelihood of making a correct detection, as well as the likelihood of making a false
alarm; if announcing a detection has no negative consequences, the detections will be at their
earliest, but the false alarms will also be greatest, and vice versa. The answers to these and other
questions in this area are likely to have considerable significance for the Army in a variety of
settings; therefore, we are conducting additional research to clarify the important interactions
between the physical and psychological variables that operate when the human ear is used to
detect and analyze combat-relevant sounds.

SUMMARY AND CONCLUSIONS

The U.S. Army Human Engineering Laboratory has Initiated a comprehensive program of
research to examine the hearing requirements of soldiers in a variety of operational contexts, and
to determine how hearing loss affects performance. The initial focus of this program is on the
aural detection and identification of combat-relevant sounds, which might enable soldiers to
determine the presence and intentions of enemy personnel. The initial experiments reported hereexamine the factors Involved in detecting sounds of personnel movement and personnel activity.
One of the present effort's most Important contributions has been the development of a
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detection model which incorporates the ear's analysis of incoming energy into critical bangs of
frequencies, and its integration of energy arrivin du-!ni, a period of .200 msec. Based cr these
theoretical considerations, a unique cr-,,puter-based analysis procedure was developed, which was
used to predict the critical band(s) of primary importance in detecting repr-swntative
combat-relevant sounds.

Experiments were conducted using 20 ears representing differing degrees of threshold
sensitivity, and encompassing the range usually observed for Army ears. Detection thresholds
were obtained for tonal stimuli at the center frequencies of critical bands, for both 200- and
20-msec duration tones. By juxtaposing the 200-msec-tone audiograms with the spectral plots for
the test sounds, the listening level at which detection would occur c.uld be predicted. The mean
correlation coefficient between predicted and actual detection level was .94, which suggests that,
considering known sources of variance in threshold testing, the detection model worked
exceedingly well.

The results were used to predict sound-detection thresholds for representative Army ears,
based on a recent survey of hearing sensitivity among combat-arms personnel. This analysis
showed that, in the quiet, predicted differences between older Army ears and young, normal ears
would average 16 dB. However, when detections were predicted for sounds accompanied by
typical background noises, the background noise's masking effect overshadowed differences
between ears. These results apply to simply detecting the presence of sound. The argument was
advanced that identifying sounds is more important for predicting performance in the Army
context.
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APPENDIX

AUDIOGRAMS FOR THE 20 EARS USED IN THIS STUDY
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